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(54) Utiei MINIMALLY INVASIVB SURGICAL APPARATUS AND METHOD 
(57) Abstract 


' Tbe. present invention encompasses 
novel toob and a tool-bolding retiactor 
assembly. The retractor assembly sfveads 
an Incision and holds the incision open. At 
least one extension device, having a. to^ 
bolder oh one end. attaches to the assembly. 
The bolder inchides a selectively locking 
muil]--axis adjustable mounting, element 
adapted to grip a tool shaft Tbe mounting 
element acts as a universal . mounting, 
providing rotational and sliding ihovement 
the tool shaft The exbtision dehrice adjusts 
to position die tool bolder peripberally of 
the sutgical fteld. Oiwe the le^actor is 
placed, the extension, 'device provides fiill; 
access to regions., betow the indsion. Ibe 
exieniion devtee allows the surgeon to chose 
the insertion point and insertion angle of the 
todshaft"' /• 
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MINIMALLY INVASIVE SURGICAL APPARATUS AND METHOD ^ 

Background ^ ■ ■ 

Minimally invasive or video assisted surgi[cal ]»bcedure^ aire being developed to 

5 reduce trauma, surgically induced complications, and costs associated With.a lengtbeiied 
hospital stay. One common, and costly operative procedure in the US is com artery 
bypass grafting (CABG), therefore, considerable attention has bem giveri to establishing 
procedures for performing CABG surgery as a minimally invasive operation. Two basic 
approaches are currently being investigated by cardiac surgeons: - - . ^ 

10 CABG (and other heart) operations on an arrested heart with jpleitutaiaeous 

caidiopulmonaiy bypass (CPB); and 

: C AB G procedures on a beating heart without cardiopulmonary bypass. 
: There are certain advantage to the second approach in that CPB is known to be 
associated with some complications that can occur in open heart surgery. However, 

IS surgery on a beating heart is technically difficult, espedally H^en performed through a 
sihall incision between ribs; Thus, there is a heed to -facilitate CABG. surgery on a 
beating heart performed through an incision. A common CABG pvdcedur^ is a graft 
between the left internal mammary artery (LIMA) and the left anterior descending 
(LAD) coronary artery. While several other coronary arteries may be treatekl by CABG, 

20 and other vessels can be grafted to the LAD, a LIMA*LAD graft will be discussed \ 
below as illustrative of the invention. ' • • ■ 

To access and work on the LAD while the heart is beating requiresclamping or 
. immobilizing at least a portion of the hearts Previously surgeons have useld hand Htld 
surgical devices for limiting some motion of the beait. Howevet, these devices are hot 

25 .particularly effective in limiting the motion of ihe he^ and they require that an assistant 
place at least one hand near the surgical site. Othier devices provide reti^tor assem^^ 
for retracting tissue around a surgical opming to provide a sufficiently- large access for 
surgery,, and further provide mechanisms Mdiereby retractor blades^ used to piill back 
organs.or tissue^.or other surgical implements are attached to the retractor asseniblyf' 

30 The retractor itself generally consists of a frame which fits or is assembled about W • 
perimeter ofthe opening, ^ - 

. However, the implements of these assemblies do not have complete accessi to th^ 
: surgical field. In other words, the mechanisms which attach the implements to the 
retractor assemblies allow only limited freedom of movement; Thus, if a siirgeoh'usies 

35 sudi a configuration and adds further specialized surgical implemeiit^, the limited : . 
freedom of movement might complicate the surgery. For example, when a surgeon 
. creates an incision for heart surgery and places a retractor, the heart is still covered with 
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the pericardial membrane; an opaque tissue^ and the surgeon. can not clearly determine 
the location of the artay of interest at this point in the surgery. Thus, if the surgeon 

wants to attach a device to the retractor to locaUy Kmit the motion of the heart the ; 
surgeon is required to «stU3aate the location of the arte^ 
5. retractor and device accprdinglyi I - 

Upon removing the opaque tissue and discovering the actual location of the 
cardiac artery, it may be necessary to reposition both the surgical implements and the 
retractor. To disassemble and re-configure a retractor anid associated surgical v:: . 
implements takes time, and puts the patient at risk of cwnplications. 

10 'I^erefore, there is a need for a more versatile retractor assembly with attached 

surgical implements that have greater and more flexible access to the surgical field. 
There is also a need for surgical implements that are more effective in limiting the 
motion of the heart and do not require an assistant to place a hand near the surgical ate. 

.15 Sumrriarv of the Present Invention .; 

It is an objert of this invention to provide a surgical retractor q>paratus^ and a 
related method, for holding an incision open so that a surgeon can operate on tissue 
under direct vision. 

Another object of this invention is.to provide tools and methods for use with the 

20 above retractor apparatus which will stop blood How temporarily in selected aiierie^ to 
enable the surgeon to visualize the surgical site. 

Another object of this invention is to provide tools and methods for me with the 
above retractor apparatus which limit the motion of a patient's heart locally, leaving the 
cianainder of the heart to beat normally, 

25 Another object of the invention is provide further took 

the above retractor^psuatusto assist in a surgical procedure., i: 

The present invention encompasses novel tools and a tool-holding retractor ^ 
assembly. The retractor assembly spreads an incision and holds the incision open, . At 
least one extension device, having a tool holderon one end, attaches to the assembly. 

30 The holder includes a selectively locking multi-axis adjustable mounting element ' 
adapted to grip a tool shaft. The mounting element acts as a universal mounting r 
providing rotational and slidingmovement of the tool shaft, while the extensibn device 
adjusts to position the tool holder peripherally of the surgical field. Once the retractor is 
placed, the extension device provides full access to regions below the incision, so the 

35 retractor need not be re-positioned for the surgeon to poation a tool at a chosen site in 
the surgical field. "Hie extension device allows the surgeon to chose the insertion poiiit 
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and positioning angle of the tool shaft. Furthermore, the tools are designed for insertion 
over the ^ge of an incisioi^ 

Brief Digscriotion of Ae Drawmps 
5 ^ ^ FIG* .1 is an illustration of a supine patient with^^ retractor accordihgtb^the 
present invention mounted at an incision; 

FIG, 2 A is, a perspective view from above of a retr^ctpr and an extension, device 
with an attached tool, according to a piefmed ^bodi^^ 

FIG. 2B is a top plan view of the retractor and extension device of FIG. 2A; 

FIG. 2C is a back side vie w of the retractor and extension device of FIG. 2A; 

15 FIG. 3A is a perspective view from above of an opening mechanism for the 

retractor of FIG. 2A; 

FIG. 33 is an exploded view of the opening mechanism of FIG. 3 A; 

20 FIG. 4 is a cutaway yiew of a jdisp^sable light wand for use with the retractor.. 

depicted in FIG. 2B; . . . ^ , 

FIG. S is an exploded view of the cam lock clanip assembly depicted in FIQS. 
2Aand2B; 

25 

: FIG. 6 i^ a perspective view from above' of a positidnirig artri having a tool holder 
on-6ne OTd and an=atta^ 

FIG. 7 is ^ »ploded view of a ball and socket joint mounting element for lise 
30 ; with the extension device of FIG. 2 A; 

. .;FIQ. 8A isjan exploded yiew of a tool shaft pivotly linked to an .end-effector;; 

FIG. 8B is a perspective view from above of a tool shaft pivotly linked to an end- 
35 efiector; . 

FIGS. 9Ari 9A-i2, 9A.3,'9^ 9A-5;^-^ and ^i^S are i series of . " 
perspectives of a U-shi^)ed end^fifecton 
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FIG. 9B is a perspective view of a U-shaped end-efifector with microtraumatic 
surfaces; 

5 FIG. 9C is a cross-sectional view of the end efiFector of FIG. 9B viewed from a 

plane parallel to Ibe B-B of FIG. 9B; 

FIG. lOA is an ekplbded view of a tool holder with an attafc^ 
comprising a tool shaft and an etid-eifectbr; a series of aad-effectors for uise with the tool 
10 shaft are also depicted; 

FIG. 1 OB shov\^ a series of tools for use with the tool holder of FIG 1 OA; 

FIGS- 1 1 A, 1 IB and 1 lC7are a top plan view of a closed retractor, a perspective 
15 view from above of an open retractor, and a top plan view of an open retractor, - 
respectively; 

FIGS. 12A, 123, and 12C are a perspective view from above of an extension 
device attached to a retractor, a cross-section view of a clamp assembly, and a cross- 
20 section view of a retractor frame member and retractor blade, respectively; 

FIG. 13 is an exploded view of a retractor opening mechanism; 

FIGS. 14 A, 1 4B, and 1 4C are a top plan view of the retractor, a cross-sectional 
25 view of the retractor with a pushrbtitton clamp assembly attached^ and perspective view 
from above of an L-shaped stationary section of the retractor with a toothed cross bar, 
■^spectively; . 

FIGS. 1 5A and 15B are a perspective view from above of a retractor with an 
30 extension device attached, and a cross-section view of a push-button clamp asseixibly, 
respectively; 

FIGS, 16A, 16B, and 16C are a perspective view from above of a retractor with 
an extension device attached, an exploded view of a retractor opening mechanism, and 
35 an e)q>ldd€d view ofa retractor blade attachment to a retrartor frame member^ 
respectively; 
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FIGS 17A» 17B, and 17G iffe a cross-sectional view of a cam lock in the open 
and locked positions^ an^exploded view of a cam lock, guide pin and retzactor fidme 
. member* and a perspective view fiom above of a cam- lock clamp assembly; respectively; 

5 nOS: 18A.1v18A4 lZA'3i 18B-U 18B-2, 188-3, 18B^ and 18C are an - 

exploded view fipm below of a tool shaft, a swivel link assembly^ aiid a U-shaped eiad- ' 
effector^ a series of sch^natic illustrations of a swivel link^aiid a perspective view fiotn 
aboveof an assembled sSvivel link, respectively.. * 

10 Detailed Description of the Illustrated Embodiments V : 

Referring to FIGS. 1-1 0B» one embodiment of a retractor arid surgical tool 
attachment systeni according! to the invention comprises a retractor 2 for spreading and 
keeping back the walls of an incision in apatient In describing this embodiment, we 
will refer tp ordiogpnal axes X, y; and z shown in^ H 

IS descriptipn of this embodiment .will apply to the alternative eiiibodimehts preseiited ' 

below,. v. . . • V./. >;.-.J-.r^ .•: • . ;^ - 

With reference tp FIGS. 1-2C the retractor irichkfes twp frame ihembers 4 aikl 6i 
and an opening mechanism 8a. The frame niembers are opposed, co-extensive aiid 
generally elongated Referring to FIGS. 2A-3B; the opening mechanism includes a 
20 connector plate,?, a screw gear 10, and a cover plate 14? The fiame members have ■ 
proximal ends 4a and 6a with a semi-circular edge at their ends having gear teeth therein; 
The ends are pivotly connected to the connector plate so that the frame^^members rotate 
about axes 4b and 6b, respectively. Thus, the frame members move substantially in the - 

X-yplane.^;:;^ .-V: .- ^ : - '"-^ - • - - / 

25 I. . . The screw gear extends:betwe^ the tootiied proximal ends of the frame meinters 
at an angle of approximately . thirty degree^; fo^ : 
The screw.gear turns (m a guide pm lOa that iis coimected tp the cbnnector plaite: 'iA 
cover plate sits on top of the connector plate and proximal eiids of the frame rnienobers;' * ' 
The coyer plate has a cohfoiming angled screw slot to further guide the scr^w. ^ 

30 -Turning the;screw drives the helical worm face against the teeth of both proximal' 

ends of Ae frame memberSivcau^ 

substantially in the x-y plane so the two memb^ draw toward each other, of push apart 
from each other, depending on the direction of rotation. This angled wpnn gear has - -^ 
advantages. The angled worm gear allows the gear^to be self locking, i.e. the retractor - V - 
35 can be opened to a fixed separation and it wiU maintain^ Furthermore, 
the angle of the worm gear facilitates access to the openirig mechar^ 
operator while inaintaining access to the incisioiL 
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. .The frame members include retractor blades 19 and 21, which extend down, 
transversetathe x-y plane, of the frame members. These blades are placed in an incision 
>vh« th? retractor is in a closed position, i^e. when the frame members are in relative • 
spatial proximity to each other. Upon placement of the retractor blades in an incision, 
5 the screw can be screwed down into the worm gear caus^^ 

outwardly and the retractor blades to exert outward pressure on the walls of the incision 
15vand 17, and consequently spread and keep open the incision. The frame members, 
the retractor blade members and the connector plateare made of a strong ihetal, e.g. / 
stainless steel or dtanimn. 

10 The blades are modular, i.e. the blades are rempyably wd replaceably attachable 

to the retractor. The blades can pivot about a substantially vertical axis, as showa so that 
they conform to the orientation of the incision, or pivot about a substantially horizontal 
axis. In the embqdunent shown in FIGS. 2A and 2G, the blades are angled back, i.e; 
they tih outwardly as they extend down,. so the angle between the blade and the frame " 

15 member in the y-z plane is less than 90 degrees. As the blades spread apart an incisioru 
the pressure provided between the blades and at least a wall portion of the incision has a 
downward coraponwt of force; driving the retractor down against the patient's body, 
stabilizing the retractor. Furthermore, a blade can include a compliant blade element 
such as an attachable conforming elastomeric pad that attaches to the blade. Such a • 

20 compliant blade element evenly distributes pressure, over at leiast a wall portion of tfe 
incision, reducing trauma to the patient 

: With reference to FIGS. 2B and 4, the^tractor of this embodirhental^b includes 
a fib^r optic light guide 63 optically coupled to a light source. In one embodiment, die V 
light guide is bifiircated with each individual light guide runnmg along light guide 

25 mounts.. Individual light guide 64a travels along light guide mount 65a to a distal end of 
the franie inember 66f, whereit is optically couplrf to a light vvand 66. which is ; - 
preferably disposable. The light wand provides light to the su^cal field while ite^ 
disppsability facilitates sterilization of the retractor. . ^ 

The disposable light wand includes a mating attachment 66e, for coupliiig of the • 

30 light wand to the light guide, light fibers 66, full soft malleable wire 66b (31 6L), and 
dual lumen flexible tubing 66c. The tubing contains thefibers and the wire; The wire 
allows the tubing to be posed in any position.^ ^^ T^^ 

conforming attachment has a fiillepoxy set at the tip. By posing the tube in an 
appropriate position the surgeon can illuminate an area of interest in the surgical field; 
35 The retractor includes asuctiontube 64 b. This tube also contains fiill soft 

malleable wu:e to allow posing of die tube in any position. The proximal end of the tube 
is attached to a suction device. The distal end of the tube is posed in selected proximity 
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to the surgical field . A portion of the tube near the distal end of the tube is attached to 
the retractor at 34a The suction tube is used to clear blood and oAer material* 
improving visual access to the surgical field 

Ah extension device 13 is attachable.to the frame monbers. The exteiision 
5. device attacl^s on top of the frame members. In,one embodiment* the extension device 
includes a clamp assembly 16, and a positioning arm 18. The positioning arm is; 
slideably and lockably attachable.to the clamp assembly. The positioning arm has a tool 
holder 20 at its outboard end, that is, at the end that extends toward the incision: ' Tie 
tool holder includes a selectively locking multi-axis adjustable mounting element 22 
10 adapted to grip a tool shaft 24:for positioning a tool 26. In tWs embodiment, the 
. mounting element is a ball and socket joint A cap nut with ah open center tightens 
down to clamp the ball in the socket at the desired' orientation^^ • : 

Thus* by adjusting the ball and socket joint, the tool may be positioned anywhere 
in the surgical field. The tool-26* depicted in FIGS. 2 A-2G and 6» comprises a tool shaft 
IS 24, and a end-effector 28:attached to the distal end of the tTO^ 

With reference to FIGS. 2A-2C and 5, the clamp assembly for the positioning 
arm is a cam lock^ although, in other embodiments the clarnjp assembly could be a : 
selectively locking second multi-axis adjustable ^^m^ 

includes a low cylindrical cam lock body 5, which does not project over the wall of the 
20 incision. The clamp assembly attaches to the retractor by a docking means 9 that fits 

into a docking aperture 9a. In this embckiirhent, the docking means is an expanding slit 

cylindrical shaft with a shaft expansion pin 9b positioned inside the slit shaft and the 
: docking aperture is a;confonning cylindrical opening; The claiiip assembly rotates about 

the axis 7 of die shaft: The positiomng ami 18; slideably and Jockably mounts in th^-- 
25 cylindrical :b(kly by;nleans of a subst^^ 

1 8a. A locking lever 11 with a cisun end S^^^r^ 
^ : ; pin into: the expanding shaft while bearing down against the positiom'ng arm to lock twth 

the clamp assembly in a particular rotational posidon and the posidonihg arm in a > - 

particular horizontal extension position. 
30 When the locking lever 1 1 is in the up or open position, the positioning arm is 

free to move: through slot 18a.arid the clahip assembly is free to rbtate about axis 7. In 
. addition^ the clamp assembly is capable of both removal and insertion in the docking ^ 

aperture. However, when the locking lever is in the do>yn or locked posidon^ the cam 

end is rotated so as to place pressure on the positioning ami locking it in place. . i . 
35 Furthermore, the cam end. pushes the shaft expanding pin down into the cylihdrical'shaft 

9 expanding the shaft in the conforming cylindrical slot so as to prevent rotation of die 

clamp assembly or removal.of the clamp.assembly from the docking aperture. "Thus» this 
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clamp assembly allows the positioning and locking of a tool holder at a fixed distance 
and angle with a single clamp motion* 

With reference to FIGS. 6 and 7, the tool holder includes a selectively locking 
first multi^axis adjustable mounting element The moimting element is adapted to 
5 grip a tool shaft In this embodiment the mounting element is a ball and socket joint 
including a base 3 1» a screw down top 27, and a compressible mounting member 29. 
The mounting member is a ball with a mounting means adapted for attachment to the - 
proximal end of a tool shaft. The s<CTew down top has a conforming spheric^ shell 
portion 35 as an internal surface. The compressible ball has grooves 33 that divide the 

10 ball body into a plurality of deformable gripping contacts which allow for compression 
of the ball around the tool shaft 26. The base of the tool holder has a longitudmal slot 37 
that allows selective removal and installation of the tool 26, the slot being at least the 
width of the tool. Thus, a tool slideably attached to the ball can be placed with an 
essentially horizontal motion into the base of the tool to^ 

15 Subsequently, the screw down top is placed over the tool shaft and slid down onto the 
base of the tool holder. By screwing the screw down top down onto the base of the tool 
holder the conforming spherical shell ^plies pressure to the ball closing or compressing 
the grooves and, consequently^ locking the ball and; tool shaft in rotational and linear 
position, respectively. 

EXAMPLE 1 : 

As stote abovie, ill this embodiment of a tool according t^ 
26,4epicted in FIGS. 2A-2G, 6, and 8A-10B comprises a tool shaft 24, and a end- 

25 effec?tor:28 attached to tiie distal end of the tbol shaft The tooishaft includes an outer 
shaft 24b and an inner shaft 24c. Both shafts are hollow. The outer diameter of the 
^ : inner shaft is substantially similar to the inner diameter of the outer shrft, so that they fit 
closely, while the inner shaft and the outer shaft are capable of motion relative to each 
other. The outer shaft has longimdinal slits 24a which allow the outer shaft wall to be 

30 compressed against the imier shaft; 

The outer shaft has a pivot extension 30 on a distal end. The inner shaft has a 
piyot pin 39 and an inner shaft pivot aperture 40. The end-effector has a pivot link 42. 
The end-effector is pivotly attached to both the inner and outer shafts at the pivot pin and 
pivot extension, respectively. The pivot aperture of the inner shaft allows tte pivot pin 

35 ; to bothrotate and move transverse to the longitudinal axis of the tool shaft and 

transverse to the axis of the pivot pirt Movement of dne shaft relative to the other thus 
causes articulation of the end^ffector about an axis substantially parallel to tte axis of 
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the pivot piiL Furthermore, when the mounting element d^cribed above^ e.g. the 
compressible ball 29, grips the tool shaft, 4ie wall of the outer shaft is squieezed against 
: . the. inner shaft; fixing the articuladbnangle of the end-effector. Thus, in one act of 

locking the mounting element, die tool is universally positioned and the articulation of 
5 the «nd*^frector is &ed.Ina similar ma^ 

mQtion of two tool shaft elements can provide rotation of an end-effector about an axis 
; that is parallel to the tool shaft. 

. With reference to FIG. 9 A-5, the iltustrated end-effector 28 includes suction 
■]■:, chaimels 34 channel milled into its bottom or contact side to clear the surgical field of 
10 blood and other material. Suction channel openings 36 are located on the sides of the 
end^ffector. With reference to FIG. 6» a suction and blower tubeset 24d passes down 
the inside of the inner tool shaft and the blower passes out the distal end of the tool shaft. 
With reference to FIG. 2A, the suction tube attaches to the end-effector to provide 
suction to the sucticxi channels milled into the end-effector. Thus, in one embodiment, 
IS the end-effector is a U-shaped device with two prongs. Each pcong includes a suction \ 
..channel used to.clear the surgical site of blockl and oth^ ' --^ 

= , With reference to FIGS. 6 and 9A-7, the cross section piofile of the end-effector 
is an open profile^ In other words, the profile of the ehd-effector provides the surgeon 
. with enhanced access to the tissue Ibcated between the prongs. In one embodiment the 
20 distancebetween the prongsisat least abom S to ISinm. In another embodiment, the 
open profile includes a tapered cross section profile when viewed in a plane 
perpendicular ^to the prongs, such that the vertical height pf the prongs decreiases with 
: proximity to.Uhe surgical site: . . : . - 

25 , ,>sui&ces of the eiid^effector that make contact with the isuigical site, are t^^ llie 
contact surfaces are textured so. as to prevent slijpping and mmimize movement of tissue 
.. .^ at the surgi<^ site^ \ 

With reference to FIGS. 9B and 9C; acebrdii^ to one embodiinehti bf the^ 
invention, wire 39 with burrs 41 on its surface is imbedded in the underside of an erid- 
30 effector, such that a predetermined segment of the wire is exposed on the contact surface 
V of the endreffectOH: The burrs dig into tissue such that placement of the ehd-^ffector in 
contact with tissue allows the end effector to provide lateral orpullup lension oil the 
tissue. Fuither, it allows the end effector to maintain contact with the tissue. The wire, 
can be silyer:Soldered into place. - -r'" ^ ^/ 

35 With reference toiHa iOA and lOB, other embodm • 

effectors.3|S, 38a, 38b, 38c, and38d. One example of a different end-eff^or is a quick 
connect vessel occluder for stabilizing or occluding a vessel. Such a device'cah be iised 


SUBSTITUTE SHEET (RULE 26) 


wo 98/27869 


PCT/US97y236l2 


-lo- 
in the present invenliofl for pinching a vessel without piercing the tissue of the heart. 
. Otha- endreffecttws include a hemostat, a foric, a rake to act as a retractor, a needle 
drivw, forceps, scissois, and dip applieis. Wi± reference to FIG, lOB, an end-effector 
■can include an articulating camera 38e. 

In another embodiment, the oul-efiTector iiicludes at least one c^ 
atttchment of the ends of a vessel occliision band. In order to occlude a vessel, surgeons 
often use a type of rubber band. A surgeon passes the band around the vessel perhaps 
more than once, and then tightens the band, pinching the vessel without piercing the 
vessel or neighboring tissue. Cbmmonly, a surgeon will then pull the ends of the band 
out of the incision and tie them down, hi this embodiment, the end-effector includes a 
clamp so that a surgeon may tie the ends of a vessel occlusion band to the ttid-effector 
maintaining greater access tt> the surgical field. 

EXAMPLK2 

Referring to FIGS. 1 1 Ar 1 3^ another embodiment of a letrabtor and surreal tool 
attachment system according to the invention comprises a retractor 102 for spreading 
and keeping back the walls of an incision in the patient. The retractor includes first and 
second retractor fiame members 104 and 106. The second frame member 106 similar in 
configuration to the first frame member, has a toothed proximal end 157. The toothed 
proximal end of fiame member 106 sits on the proximal end 159 of the first retractor 
. fiamenaeraber. An opening mechanism 150i,sits on the proximal ends of the frame 
manbers and comprises a cover plate 155 and a series of gears 151. The gears fit into 
slot 143 in the second retractor fiame member and afhrther slot 141 in the first retractor 
Aame inember,. The retractor ftame members pivot around a shaft 161 extertding down 
from the CQvec plate., Thecylindrical shaft inserts in slots 163.and 165 of second • 
retractor frame and first retractor frame, respectivefy. r The opening mechanism and gears 
comprise an overhead gear assembly with a ratchet system to maintain die retractor in a 
set position. The cover plate comprises a crank handle 152, aratchet switchl54i and a 
ratchet lock pin 156. Depending on the setting of the ratchet switch the retractor can be 
alternatively opened and closed by ttmiing the crank handle, rotating the gear assembly, 
and rotating tile second retractor frame member. . 

Attached to the retractor fiame members are modular retractor blades 1 19 and 
121. With reference to HG. 1 6C, tiie modular retractor blade is connected to retractor 
fiame member by placement of tiie retractor blade in the retractor frame member slot 
379. Insertion of die retractor screw 380 into a retractor blade cylindrical slot 391 
secures the reuactor blade to the retractor frame member. 
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The retractor blades can be deflectable* With reference to Fig 12C, the retractor 
blade can pivot about apivot point 168, so that the blades can fit flush to the walls of an 
inci^oni:^ " - ; •j.o:--'; .H 

> . AThe blades can be'sbft so as to apply piessuie evenly cn the walls of an itid^ion. 
S -By applyinjg even pressure on the waUs of tte^ 

... surgical trauma. According to. one embodiment of the mvention» the retractolr blade can 
. comprise a disposable elastomeric ciiisWpn attachment 16X 
With reference to HGS. 11 At13, the retfactor 
light assembly 195, the fiber optic light assembly comprises a light soiirce 193 and at 
10 least one optic fiber 164.. The optic fib^ runs dong- the side of the retractor ftame 
member opposite the incision to the distal end of the retractor frame member, down 
below the retractor blade^ and oiit the fiber optic exit 160. The output end of the optic 
fiber located at fiber optic exit 1 60 emits light so as to illuminate the itiside of the body 
• ca^my.: • ■•: ■ - . . ■ ...^ . \ '■/'• ' - ■ • . 

IS , : With reference to FIGS. ■12A and 12B« the clanip assembly is a cahf lever clamp - 

. . assembly 116. A cam lever clamp assembly is spring loaded such diat pushmg down on 
ttie locking lever 1 11 locks the clamp:assemUy in rotational pdsition and the t)Osifi^ 
y . arm in linear position. By subsequently pushing on the locking lever IH ; the claiiip 
assembly is released allowing freedom of rotanon of the;clamjp assembly and linear ■ 
20 motion of the positioning arm. 

The spring loaded clamp assembly achieves its functionality in the following 
way. The clamp assembly comprisesj^wing 160, pin 161, and grooves 163. When the 
locking lever is in the up and open position, the pin is pulled out of the grooves so as to 
alloy^rotation ofthe clainp assembly. Furthennore, when the Ibckit^ lever 1 1 1 is in the 
25 : up aoid open position, die cami end 103 does not' apply, pressure td the positioning am ' ^ 
1 18 alIowing.linear motion of the positiomng ami: However; vfti&i the loddhg lever is 
; ' in die do^ and closed position the pin is inserted in the grooves preventing rotation or 
. motion ofthe clamp assembly; Further, the cam end 103 places pressure on the v 
positioning arm preventing linear nfiotidn of positioning amL ; r : ? 

3.Q; : , With reference toFIG, 12A^ according to one embodiment of t^^ 

conforming cylindrical slots 109a aie provided on the retractor fr^e memb^ to allow 
alternative positioning of the.extension device. By placing the extension device in the 
appropriate confomiing cylindrical slot, a surgeon is able to position the extension 
device, and cbnsequentiy the sui^cal tooU in an appropriate location while minixnizing 
35^.. obstnictioncaiised by the extension device and r r-<.'xr 

EXAMPLE 3 
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With refeiraice to nGSil4A-15Bv an embodiment of the retractor and sw 
tool attachment system according to the invention comprises a retractor 202. The 
retractor incliute? a si*stantiaUy L-sh^ed stationa^ section 208 which has a stationaiy 
5 fiamenierober204andamoveabiefiamemember206. The moveable fiamemeriiber; 
similar in configuration to the stationaiy fiame member, has a toothed cross bar or rack 
210 attached to it The stationary frame monber has a housing 212, which slides on Ae 
rack; The substantiaJly L-shaped stationary section also includes an openmg mechanism 
crank lever 252, Rotating the crank lever rotates a gear in the toothed cross bar of tht 
10 moveable frame member alternatively moving the moveable frame member in or out 
Both frame members include universal mounting grooves 270. These mounting 
grooves aUow an extension device 213 to be slideably positioned along the frame 
. member within the groove. 

The extaision device includes a push-button clamp assembly 216. The push- 
15 . button Clamp assembly includes a push-button 274, a siting 160 and ball bearings 276. 
The push-butt(mcianip assembly functions in Ae following way. When the push-button 
ispushed the positioning aiinis released and the ball bearings loosen. When the ball 
bearings loosen the clamp assembly is free to rotate. However, upon pushing the push- 
button again the positioning arm is cq)tured and the clamp assembly is locked in 
20 rotational position. 

^ ■ ■. j EXAMPLR4 ^ 

Referring to FIGS. 16A - 17B, moAer embotlinient of a retractor and s^ 
25 tool attadunent system according to the invention comprises a reti^ 

retractor incorporators the general shape of Example 2 with the universal mounting' 
groove of Example 3. The opening mechanism comprises a foldaway crank levw 352 a 
gear 357 attached to tiie crank lever, and, a cover plate 355. The retractor comprises a 
first retractor fiame member 304 and a second retractor frame member 306. The 
30 proximal end of the second retractor fiame member sits ontop of tiie proximal end of the 
: second refractor fiame member. The opening mechanism sits on tiie proxih^ 
: tiie fiame nianbers. The proximal end of the second retractor fiame member has a slot 
393 with ratchet teeth 392. The gear of the opening mechanism fits in tfie slot of the 

second fiame member By tunung the crank lever which is attached to tiie opening 
35 mechanism gear, tiie gear rotates against tiic ratchet teetii of tiie slot of tiie proximal aid 
of tfie second fiame member, causing tiie second fiame member to rotate about tiie axis 
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397. The rotation of the second retractor frame member causes the retractor to open and 
spread apart an incidon. . 

Thb embodiment incorporates a fiber optic routing assembly 3i79; The fibdr v 
optic routing assembly comprises an opening mechanism sheath 379a, optical fiber 364» 

5 and fiber optic light balls 377. One end of the optical fiber is connected to a light 
source. light travds down the optical fiber, firom the light source, into the opening 
mechanism sheath, and to the light balls, illiuninating the surgical iieid. Further, another 
optical fiber 366, is mounted in a fiber optic track 398 located oh the outside of ia 
retractor fi:ame member. The optical fiber extends down below a retractor firame 

10 member and put to a retractor blade 3 19 or 321 , through the fiber optic exit 360. Again, 
light from a Ught source travels along the optic^al^ 
exit, further illuminating the siirgical field, r 

. With reference to FIGS; 2A and 16A, this embodiment aiso^ihcbiporat^ th^^ - 
ability to apply suction to the surgical field to remove blood and other material: The 

IS siiction assembly comprises suction tubing 333 attached ^i oneehd to a^suction 

and at the other end to an end<iffector via tubing attaduhen&iSa. The siicfiofh tubing: 
could pass down the center of a tool shaft or down along side a tool: shaft. ^ '•■i' - 

Another embodiment incorporates the abiUty to bl^ 
blower comprises blower tubing similar to the suction tubing. The tubing is a fully soft, 

20 unannealed material with a wire backbone to allow positioning. ^ 

Referring to figures 16 A^. and 17A - 17C, the. extension device includes a cam 
lock clamp assembly 316. The cam lock clamp assembly includes a cam lock 301 arid a 
guide pin 380, vThe head of the guide pin fits into theJcain lock-guide pin slot 301b. the 
podtipning arm sUdes through the cal lock and guide pin positioning aim stots^ 30ta' 

2S and 3SQa,:respectiyely; -The guide-pin is inserted in the imivefisal mduntiiig groove ^ 
aperture 370a,. suqh:that the edges of the univer^ mounting^groove . slide in the.universal 
mounting groove slot of the guide pin. Thiis, the guid^ pin and cam-lode clamp * 
assembly can be located.anywhere in the imiversal mounting groove. The cam Ibbk cani 
be rotated and the^positioning arm Canmove linearly when the lockihg lever 31 1 is in the 

30 up and open position.;. * : : . :: •\:^■'>■^^: ^-^^ r-.:. 

Upon lowering the locking lever to the down position the dam lock clamp^^ - ■ . 
assembly is locked. The locking lever rotates the cam lock about an axis that i^ ^ • - 
substantially parallel to axis 3 18a. The end of thi^ cam lock is asplxerica] such that 
pushing the locking lever to the closed position forces the bidbous enH of the cam lock 

35 do\m;against die retnurtor firame. member.: Efecause of the interaction of the positioning: 
arm, cam lock, and guide pin, the guide pin bottom 3S0c is forced up against the 
universal mounting groove surface. The pressure between the.guide pin bottom and the 
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univetsal mounting groove surface prevents the cam lock clamp assembly fiom rotating. 
Furthamore, the pressure between the cam lock and the positioning arm, and the guidfc 
pin and th? portioning arm prevents the positioning aim fiom moving linearly. 

• •■ EXAMPLES .:■ 


Referring to nGS.9A-2. and 18A-l-18C,anoti«r embodiment of jtoend- ^^^^ 
e£fector tool shaft attachment is illustrated comprising a swivel link 4«2. The swivd ' 
link comprises cylindrical swivel link rods 482a which attach to conforming slots 427ji 
and 427b in first and second tool shaft section 426a and 426b, respectively. The swivel 
link has, an end-efFector attachment 482b that connects to a conforming end-effector slot 
28a. Thus, relative motion of the first and second tool shaft section causes a rotation of 
tile swivel link about an a>ds 499. This rotation of tiie swivel link causes rotation of tiie 
end-effector,. 

. The above embodimoits according to the invention lu^e several: advantaged: . 
Heart stabilization assemblies which attach to a retractor are superior to band held 
devices because an assistant's hands are not in tiie way and because tiiey are more 
effective in limiting tiie motion of tiie heart. A surgeon caff rapidly place a surgical tool 
using tills invention. Foitiiermore, fliis embodiment allows tiie sutgeon to rapidly 
20 remove tiie tool, restoring access to the surgical arena, x 

This invention allows easier and more complete access to tiie surgical field 
defiiiedby tile retractor because tiie position of tiie surgical tool is completely - 
independent of tiie retraclbn This position independence is use&l. As described above, 
when a heart surgeoii opens a surgical cavity and places a retractor, tiife patient's heart is 
covered, wtii an opaque tissue. Unable to clearlyrdeteriiiinetiie location of tiie artery, 
tiie surgeon must approximate tiie location oftiiearteiy and place tiie retraetor^ . ^ 
accordingly. Upon removing tiie opaque tissue and discovering tiiat tiie artery is^ i^^^^^ ^ 
located near tiie center of tiie retractor, it be necessary to adjust tiie positibn'of tiie m^ > 
efiector. Because tiie position of tiie tool is completely ind^endent of tiitf retractor, tf» 
surgeon merely adjusts tiie tool over tiie artery of interest. The ability to adjust tiie 
location of tiie tool witiiout adjusting tiie position of tiie retractor wUl rediice the time, 
cost, and trauma, of surgery. 

Furtiier, tiie surgeon is free to determine tiie insertion point and tiie insertion 
angle of tiie tool. This freedom is important because it allows tiie surgeon to place tiie 
tool near tiie edge of tiie incision and at an appropriate angle so as to provide tiie surgeon 
witii greater access to tiie surgical field. TTius, tins invention provides a surgeon witii 
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flexibility. This invention can be used in many operations including LAD coronary 
artery operations and valve replacement operations. 

Itnportantly, this invention iinprovesniin^ The 
invention allows a ^geoni:to place a tool effectively:^fmy^^^ in the surgical field, 
5 articulate the end-effector, and freeze the position of the tool and the arti of the 

end-effector in one act, locking of the mounting element 

Because many varying and different embodiments may be made within the scope 
of the inventive concept herein taught, and because many modifications may be made in 
the embodiments herein detailed in accordance wi th the descriptive requirement of the 
10 law, it is to be understood that the details herein are to be interpreted as illustrative and • 
not inalimiting sense* ^ ;; 
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1."^ Sittgical apparati» cbmprismg 
v> aretrac^ 
5 at least one esctension device^ 

the extensioa device having a tool holder at ah outboard end 
thereof, the extension device extending the tool holdd: tovWrd the incisibn, 

the tool holder including a selectively locking first multi-axfe 
adjustable mounting elemeitt adapted to grip a tool shaft ^^^^ 
0 range of positions; 

the first mounting element enabling the tbol to be 
selectively positioned relative to die tool holder in a surgical field by positioning tiie 
tool, and locking the mounting element of the tool holder. 

5 2, Apparatus according to claim 1, wherein tiie first mounting element includes a 
ball and socket joint. 

3. Apparatus according to claun 1, wherein the tool holder of the extension device 
further including 

0 "leans forming a slot for allowing selective removal and installation of 

the tool, die slot being a longitudinal opening responsive to the width of the tool. 

4. Apparatus according to claim 1 , wherein the retractor comprises 

genorally opposed retractor blades for insertion into the incision and for 
5 applying pressure on at least a wall portion of the incision, 

the retractor blades being rqnovably and replaceably attachable to th^ 

retractor. 

5. Apparatus accordmg to claim 1, wherein the retractor comprises 

^ generally opposed retractor blades for insertion into the incision and for 

applying pressure on at least a wall portion of the incision, 

each retractor blade having deflectable means for allowing that retractor 
blade to be contiguous with at least a wall portion of the mcision. 

6. Apparatus according to claim 1, wherein the retractor comprises 

a fiber optic light assembly includmg 
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a fiber optic light guide for iiliuninating the surgical field, the 
light guide having a first end optically coupled to a light source and a second end 
moimtingly connected to the retractor, and 

a disposable light wand opiticaUy coupled to the second eiid of the 

S fiber optic light guide. 

7- Apparatus according to claim 1, wherein the retractor comprises 

generally opposed retractor blades for insertion into the incision and for 
applying pressure on at least a wall portion of the incision; 
10 at least one retractor blade including a compliailt retractor blade element. 

8. ^ Apparatus according to claim 1, wherein the retractor further comprises at least 
one suction tube having the proximal end of the tube connected to a suction device and 
the distal end of the tube posed in selected proximity to the surgical site, a portion of the 

IS tube near the distal end^of die tube being attached to the retractor; 

9. Apparatus according to claim 1, wherein the extension device comprises 

a claihp assembly secured oh the retractor, and 
a positioning arm extending fit>m the clamp assembly, the positioning 
20 arm supporting the tool holder at an outboard end thereof for disposing the mounting 
element to enable the tool holder to position the tool selectively in a surgical field by the 
operations of positioning the positioning arm relative to the retractor, securing the 
positioning arm, positioning the tool in the tool holder, and locking the first mounting 
element of the: tool holder. - ' " 

25 ■ . ■ 

10. Apparatus according to claim 9, wherein the retr^ 
docking apertiu^ and the clamp assembly mdiides a docU^ 

insertion in and removal from the docicing aperture located on the retractor. - " - 

30 llvv:; Appiaratusaccoiding to tlaim 9, wherein • ; ■ 

• the retractor compriises op]X>sed and substantially c^^ 

elongated firame members, and : v 

the positioning arm being slidably and lockably connected to the clamp 

.assembly^'. : V- • •'■ . '^.r- • 


35 


12;. Apparatus according to claim 1 1, wherein the retractor comprises 
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genfirally opposed tetractor blades for insertion into the incision and for 
aj^lTO pressure cm at least a wall portion of the incis^ 

at least one retractor blade having an angle between the frame member 
and the retractor blade less than 90 degrees.. 

13. Apparatus according to claim 9. whercm the clamp assembly comprises a second 
multi-axis adjustable mounting eJemolt 

14. A surgical tool comprising . . . 
r a tool shaft haying a longitudinal axis, ^ ^ ^^^^^ r ,: ■ . 

an end-effector attached to a distal end of the tool shaft, and 

a compressible mounting member attached to aproximal end of the tool 

■•shaft.,,. .. ; _ ,.. .■ 

15. Apparatus accordmg to cidm 14, wherein the mounting^member is a 
mounting means adapted to grip the tool shaft. 

16. Apparatus accotdipg to claun 14, wherein the compressible mounting member is 
slidable along the tool shaft. ; 

17. ^ Apparatus accorduig to claim 14, wherein the end-effector is rotatable abonta 
rotation aids extttiding transverse to the sods of the t^^ 

18. Apparatus according to claim 14, wherein the tool fimher comprises 

a first tool shaft element, 

a second tool shaft elementi and .. ^v-^.-: 
an end-effector link element piyotiy at^hed to the first and ^second tool 
shaft elements^the tool shaft elements haying longitudinal axes substantially parallel to 
the axis of the tool shaft, and the tool shaft elements being capable of relative motion 
substantially m tiie direction of the axis of the tool shaft, the relative motion causing 
.articulation of ttie end-effectpr link element about an axis extending transveree to the 
axisofthe tool shaft. 

19. Apparatus according to claim 1 8. wherein the first and second tool shaft elements 
comprise generaUy opposed front and back tool shaft elements, respectively, and tiie 
end-effector lipk element comprises a swiyel link coupled to die fioniand beck tool 
shaft elements and connected to tiie end-efiector. 
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. 20. V . : Apparatus according to. claim 1 8> wherein the first and second tool shaft elements 
comprise co-axial inner and outer shafts^ respectiyely, the inner shaft slidably di^sed 
within the outer shafts the outer shaft bdng hollow and having longitudinal slits, and the 
S . outer dianpeter. of the inner ^laft being substantially similar, to the inner diameter of the 
out^ shaft. 

21. Apparatus according to claim 20, wherein 

• the outer tool shaft has a pivot extension on a distal end thereo:!^ 
10 the inner shaft comprises 

a pivot pin, having a longitudinal axis, attached to a distal end of 
the inner shaft and extending transverse to the axis of the tool shaft, and 

a means foroiing a pivot aperture adapted to contain the pivot pin> 
adapted to allow the pin to rotate, and adapted to allow the pin to move transverse to the 
15 axis of the tool shaft^and transverse to the axis of the pivot pin, and 

the end-eSector link eleq^ient comprises a pivot link adqsted for pi votly 
attaching^o the pivot extension and the pivot pin^ 

such that movement of the inner shaft relative to the outer shaft causes 
articulation of the end-effector about an axis substantially parallel to the axis of the pivot 
20 pin. : . r - - : 

22. Apparatus acconliiig to claina ISvwhere^ 

the inner shaft includes a means forming a hollow longitudinal passage, 

and 

25 : :. die surgical, too comprises at least one suction tube having oi^ 

end .of the tube connected to the tool in selected proximity to the distal end of the tool 
shaft and the other end of the tube extending away from the surgical ^Celd^ at least a ^ v 
portion of the tube passing through the hollow longi mdinal passage of the inner shaft. 

30 23. Apparatus according to claim 18,.wherein 

the inner shaft includes a means forming a hollow longitudinal passage, 
.;and^ I'., .y- . ' r - ''■ 

. the surgical tool ftuther comprises at least one blower tube connected in 
selected proximity to the distal end of the tool shaft and the other end extending away 
35 ftpm the surgical field, .at least a portion of the blower tube passing through the hollow 
longitudinal passage of the ini^ db^ ^ ; 
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24. Apparatus according to claim 14, wherein the tool has means forming a hollow 
passage in the tool shaft, aUgned substantially parallel to the longitudinal axis of the tool 
shaft, the hollow passage adapted for containing at least one tube. 

25. Apparatus according to claim 14, wherein the end-efifector further comprises an 
end-efifector element with a textured surface. 

26. Apparatus according to claim 14, wherein the end-effector further coinprises an 
end-effector element vnth a microtraumatic sUifece adapted to engage tissue. 


27 Apparatus according to claim 14 whereiii the ettd-efiector includes a gene^^^^ 
shaped member, 

the U-shaped member having at least two prongs. 

5 28. Apparatus according to claim 27, wherdn ttie end-effector comprises whtact 
elements forming contact surfaces for making contact with the surgical sit^ 

the contact dements of the end-effector having a isc^aratioii spadng of at le^ 
about 8 to abotit 15 mm apart. 

29. Apparatus according to claim 27, wherein the prongs of the U-shaped end- 
effector dement have a tapered cross section profile when viewed in a plane 
perpendicular to the prongs, such that the vertical height of the prongs decreases with 
proximity to the. surgical site. 

30. ,. Apparatus according to«ldm 14; whereiii the to^^^ 

groui»,of instruments including hemostats. forks, rake^ lieedle^lrivers, forceps, scissors, 
camerasj and clip appliers. ; 

31. Apparatus according to claim 14, wherdn the end-effector further comprises at 
least one clamp for the attachment ofthe ends of a vessel occlusion band. " 

32. Apparatus according to claim 14, wherein the end-effector is attached to thb tool 
shaft by a selectively locking third multi-axis adjustable mounting dem^ 

33. - Apparatus according to daim 14, wherdn the mountii^ member attached to a 
proximal end of the tool shaft is aknurled, dastomeric ball with a mounting means 
adapted to grip die tool shaft. 
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34. Apparatus according to claim 14, wherein the end«fifect(jr is rotatable about a 
lotatioQ axis ectmding substantially parallel, to the axis of the tool shaft 

S 35. A.suigicd 

. .\ . . ; an extension device, the e)rtcnsioadeWcemclading 
: . :: aclamp assembly for adjustably locking to 

a P^itioi^B 3im movably positioned in the clamp as^^ 

the positioning arm having a tool holder at an outboard 

10 end thereof, 

the tool holder including a ball - socket joint adapted to 
position and secure a tool shaft ei^^ 
articulation, 

>^ereby a variety of tools having a tool shaft each with an 
15 are reUably positioned in an opdrad v 

36.,, Siu'gical apparatus comprising v . . 

a retractor for spreading open an incision in a patira^a^^ 
\ : : at least one extension device secured on the retractor^ 
20 the extension device having a tool holder at an outboiara ebd 

thereof the^tension device extending the tool holder toward the incision, 

. the tool holder incliKiing a selectively locking ball and socket 
joint, and , ^ . / 

a tool comprising 

. r:tool-shaftteying:;'v;v v- '- 'i^..-; -i'^ * '^ r- 

... afiistshaftelement: . ■ - '^"'^ 

a second shaft element, 

and a end-effector rotatably attached to a distal end of the tool shaft such that 
30 relative rnotipn of the shaft elements causes articulation of the end^effector mid such that 
locking ofthe ball and socketjoiht squeezes the tool shaft, Kmiting the relative motion 
of the tootshaft elements and fb^ 

the ball and socket joint enabling the tool to be selectively positioned relative to 
the.tool holda: in a surgical field and enabling the end^fifector to be placed in fixed 
35 articulation by positioning the tool, rotating the end-e£fect6r« and locking the ball ahd 
>socket joiiU of the-tool holder. :;. 
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37. A retractor with an angled worm gear opening mechanism comprising 
.. a connector plate, 

at least two fiame members with ratcheted proxinial encbtotatiohally 
ooimected to the connector plate, and 

a screw ad^ted for screwing between the ratcheted proximal ends of the 
fiame m^bers. the axis of the screw bebig out of the plane of movement 6f the fiame 
members such that turning of the screw causes the screw, to travel between Ae ratdieted 
proximal e»ds of tiie fiame manbers, in turn, causmg at least one Of flie frame members 
tQ rotate. . . 


38. A surgical method comprising the steps of 

retracting walls of an iiKjisiop with a retractor to allow accesfftol sUii^ 

field, 

lockably attaching an extension device to the retractor, the extension 
15 device having a tool holda at an outboard end theieof; the tool holder holdiiig a t^^^ 
means of a selectively locking first multi-axis adjustable mounting element the 
extension device extending from the retractor to position the tool hold^ adjacem the 
incision and extending fix)m.the retractor» 

positioning a tool comprising a tool shaft and an end-effector attached to. 
20 a distal end.of the tool shaft, such diat the tool shaft extends in selected proximity to the ., 
perimeter, of the surgical field, and the end-efiector is in contact with tissue, and 

, swuring die tool in the; first mounting elonent 
fixing the tool in the surgical field. 

25 39. . Thte method according to claim 38, wherein the sttsp of positioning the tool with 

its end-effector in contact with tissue further comprises the step of positioning the 
effector so as to push down in a region about a cardiac artery loyally limiting the motion 
of tiie heart. . <.. 

30; 40. The methodaccording to elaini 38i wherem the step of {Wsitiohing the tool 
further comprises the step of positioning the end-effector iii contact with tissue so aS to 
pull up on the tissue, the aid-effector having at least one miciotraumatic'surfecei 

41. , 11* method according to claim 38, wherein the step of positibning the tool - 
35 fiJrther comprises the step ofpositioning the end-effector in contact with tissue so a^^ 
provide a lateral force on the tissue, the end-efifector having at least one microtraumatic 
sut&ce. 
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